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Prediction of conversion to dementia e
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Abstract

Background While assessment tools can increase the detection of cognitive impairment, there is currently insu -
cient evidence regarding clinical outcomes based on screening for cognitive impairment in older adults.

Methods The study purpose was to investigate whether Timed Up and Go dual-task test (TUGdt) results,

based on TUG combined with two di erent verbal tasks (name di erent animals, TUGdt-NA, and recite months

in reverse order, TUGdt-MB), predicted dementia incidence over a period of five years among patients (N =186,
mean=70.7 years; 45.7% female) diagnosed with Subjective Cognitive Impairment (SCI) and Mild Cognitive Impair-
ment (MCI) following assessment at two memory clinics. Associations between TUG parameters and dementia inci-
dence were examined in Cox regression models.

Results During follow-up time (median (range) 3.7 (0.1-6.1) years) 98 participants converted to dementia. Novel
findings indicated that the TUGdt parameter words/time, after adjustment for age, gender, and education, can be
used for the prediction of conversion to dementia in participants with SCI or MCI over a period of five years. Among
the TUG-related parameters investigated, words/time showed the best predictive capacity, while time scores of TUG
and TUGdt as well as TUGdt cost did not produce significant predictive results. Results further showed that the step
parameter step length during TUGdt predicts conversion to dementia before adjustment for age, gender, and educa-
tion. Optimal TUGAt cuto s for predicting dementia at 2- and 4-year follow-up based on words/time were calculated.
The sensitivity of the TUGdt cuto s was high at 2-year follow-up: TUGdt-NA words/time, 0.79; TUGdt-MB words/time,
0.71; reducing respectively to 0.64 and 0.65 at 4-year follow-up.

Conclusions TUGdt words/time parameters have potential as cost-e cient tools for conversion-to-dementia risk
assessment, useful for research and clinical purposes. These parameters may be able to bridge the gap of insu cient
evidence for such clinical outcomes.

Trial registration ClinicalTrials.gov Identifier. NCT05893524: https.//www.clinicaltrials.gov/study/NCT05893524%id=
NCT05893524&rank=1.
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Introduction

The number of people with dementia is estimated to
increase from 57.4 million globally in 2019 to 152.8 mil-
lion in 2050 [1]. Cognitive impairments that may be
forerunners of dementia are Subjective Cognitive Impair-
ment (SCI) and Mild Cognitive Impairment (MCI), which
can remain stable for decades, disappear, or entail fur-
ther cognitive decline [2]. Although dementia disorders
and cognitive impairment are growing threats to pub-
lic health, [3] causing high rates of disability and social
costs, they are frequently underdiagnosed for several rea-
sons [4, 5]. This is problematic since detection is a pre-
requisite for health promotion intervention and planning
for future care and treatment. However, while assessment
tools can increase the detection of cognitive impairment
there is currently insufficient evidence regarding clinical
outcomes based on screening for cognitive impairment
in older adults [6].

Dementia is characterized by cognitive and motor
skills impairment with a gradual deterioration linked to
cognition, mobility and gait, which can be explained by
the shared neuroanatomical structures and processes
relating to such functioning [7, 8]. Consequently, dual
cognitive and mobility impairment are associated with
an increased risk of developing dementia disorders [9].
Dual-task (dt) testing that challenges attentional capaci-
ties by the simultaneous performance of two tasks, com-
monly including straight line gait and a verbal task, may
produce outcomes indicative of cognitive capacity. Such
testing has been suggested as a method for identify-
ing and predicting dementia disorders [10, 11]. Recent
research examining mobility and cognitive function
has shown that dual decline is associated with a higher
dementia risk than memory or gait decline alone [7, 12,
13]. A relatively complex mobility task such as the Timed
Up and Go test (TUG) [14], which includes both walk-
ing and transitions and places demands on executive
functions [15], may in combination with a verbal task
be assumed to create greater interference than straight-
line walking combined with a similar task. In previous dt
studies involving TUG, time scores, qualitative evalua-
tion and quantification of correct/incorrect performance
have been investigated, focusing on cognitive status and
fall history [16—19]. To enable detailed assessments of
simultaneous performance of both the involved tasks,
video recording can be a valuable tool [19].

In the longitudinal Uppsala-Dalarna Dementia and
Gait project (UDDGait' ") we explore Timed Up and Go
dual-task (TUGAdt) testing through systematic analy-
ses of video-recorded tests in a clinical setting [20].
TUGdt comprises TUG combined with two different
verbal tasks (name different animals, TUGdt-NA, and
recite months in reverse order, TUGdt-MB), targeting
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semantic memory and executive function, [21, 22] to
provide an assessment method for dual cognitive and
mobility impairment and risk of dual decline. To capture
both motor and verbal performance of the TUGAt tests,
results presented so far have been based on parameters
derived from the number of correct words per 10 s of the
TUGdt performance (TUGdt words/time). The results
indicated an association between TUGdt words/time
performance and neurodegeneration [23]. Additionally,
they showed that TUGdt words/time demonstrates high
levels of discrimination between healthy controls, SCI,
MCI and dementia, and that TUGdt predicts conversion
to dementia from SCI and MCI over a period of 2.5 years,
most accurately among young-old adults (<72 years) [24].

Based on UDDGait " data, the primary purpose of
this study is to investigate whether TUGdt test results
predict dementia incidence among patients with SCI or
MCI over a period of five years. Secondary objectives are
first, to calculate the optimal prognostic cutoff values for
TUGdt words/time results, and second, to determine
whether TUGAdt step parameters extracted from video
recordings give incremental prediction above TUGAt
words/time results.

Methods

Design, setting and participants

The current prospective memory-clinic-based study
forms part of the UDDGait [20], an ongoing, longitudinal
study, in which patients have been consecutively included
when undergoing memory assessment at two memory-
clinics in Sweden during the period 2015-2017 (Fig. 1).
Patients were referred to those clinics by a family physi-
cian or booked an appointment themselves.

Participants who were diagnosed with SCI or MCI at
baseline were included in the current study (Table 1)).
The MCI group consisted mainly of amnestic MCI
patients. The baseline exclusion criteria were: inability to
walk three meters back and forth or to rise from a sitting
position, indoor use of a walking aid, current or recent
(within the previous two weeks) hospitalization, or need
of an interpreter to communicate in Swedish. Due to
the insufficient follow-up information about cognitive
health 25 individuals were excluded from the analysis,
four of whom had died before 2-year follow-up. Ethical
approval was granted from the Regional Ethical Review
Board in Uppsala. Informed consent was attained from
all participants.

Data collection

Data collection at baseline

The data collection procedures used have been described
in detail previously [24, 25]. Reported demographic
characteristics included educational level (university
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(n=211)
-MCl (n = 134)
-SCl (n=77)

Excluded, due to unavailable or

A 4

ambiguous follow-up information (n = 25)

-MCl (n=122)
-SCl (n = 64)

Patients included at 5-years
follow-up (N = 186)

Converters to Dementia
(n=98)
-AD (n=51)
- Unspecified dementia (n = 28)
- PDD/DLB (n =11)
- Vascular dementia (n = 5)
-FTD(n=3)

\ 4

TUG and other tests at
baseline (N = 98)

\ 4

Baseline step parameters
(N=93)

Non-converters to Dementia

(n=88)
-Mcl (n = 38)
-SCl (n = 40)

- Healthy (n = 10)

\ 4

TUG and other tests at
baseline (N = 88)

\ 4

Baseline step parameters
(N=79)

Fig. 1 Flowchart for the inclusion and procedures for testing and data processing. Grey squares shows clinical data, blue and green—data
collection and preparation, respectively. MCI — Mild Cognitive Impairment; SCI — Subjective Cognitive Impairment; AD — Alzheimer’s disease; PDD—
Parkinson’s disease dementia; DLB—dementia with Lewy bodies; FTD—frontotemporal dementia; TUG—Timed Up and Go

education or not) and civil status. The TUG tests were
performed according to a standardized procedure and
documented by video recordings of movement and
speech. For descriptive purposes, participants went
through a screening test using the 4-item Geriatric
Depression Scale, [26] motor function assessment by
a short version of the original General Motor Func-
tion Assessment Scale, [27] a balance test according to
Bohannon, [28] and assessment of handgrip strength
using a dynamometer [29]. The baseline data collection
was carried out in connection with the initial memory
assessment, which included the following routinely used
cognitive tests: Mini Mental State Examination (MMSE),
[30] Clock Drawing Test, [31] Verbal Fluency Test (ani-
mals per minute) [32], and Trail Making Test A and B

[33]. The memory assessment resulted in a diagnosis
made by a geriatrician based on established criteria.

Timed Up and Go single- and dual-task tests at baseline

TUG involves the participant rising from an armchair,
walking three meters at a comfortable pace, turning
around at a mark on the floor, walking back, and sitting
down again [14]. The test was timed from the partici-
pant’s back leaving the backrest to the posterior touching
the seat of the chair again, and time scores for the total
performance of each TUG and TUGAt test was noted.
TUG is well established for the assessment of gait and
mobility, does not suffer from any ceiling or floor effects
in healthy older adults, [15] and has been shown to
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Table 1 Participant characteristics and test results at baseline in total sample and stratified by conversion to dementia

Characteristic Total analyzed sample Converters to dementia Non-converters

(n=186) (n=98) to dementia
(n=88)

Age, years, mean +SD (min-max) 70.7+9.1 (39-91) 742+7.4 (56-91) 66.9+9.2 (39-91)

Female, n (%) 85 (45.7) 51 (52.0) 34(38.6)

University education, n (%) 81(43.5) 39 (39.8) 42 (47.7)

Married or cohabiting, n (%) 122 (65.6) 60 (61.2) 62 (70.1)

Follow-up time, years, median (min-max) 3.7(0.1-6.1) 23(0.1-6.1) 4.0(0.1-55)

Test Result Standard-
ized di er-
ence

MMSE score 275 (25-29) 26 (24-28) 28 (27-29) 0.80

Clock drawing score 7.0(6.0-7.0) 6.0 (50-7.0) 7.0(7.0-7.0) 0.39

Verbal fluency score 17.0 (13.0-23.0) 155 (12.0-19.0) 20.0 (15.0-25.0) 0.59

Depressive symptoms, n (%)? 45(24.3) 21(21.4) 24 (27.6)

TUG, s 12.0(10.3-14.2) 12.8 (11.2-15.0) 11.3(9.7-12.8) 0.37

TUGt-NA, s 13.3 (11.4-15.9) 14.1 (12.2-175) 12.0 (10.8-14.4) 0.49

TUGdt-NA cost, % 11.6 (3.6-18.3) 12.2 (3.9-21.3) 11.1(35-14.9) 0.10

TUGAt-NA, number of animals 6.0 (5.0-8.0) 6.0 (5.0-7.8) 7.0 (6.0-8.0) 0.46

TUGAt-NA, animals/10 s 46(33-61) 38(28-51) 54 (4.2-64) 083

TUGdt-MB, s 135 (11.8-16.5) 14.8 (12.6-18.1)* 12,6 (10.9-15.2) 046

TUGAt-MB cost, % 14.2 (34-271) 187 (4.3-285)** 113 (3.1-252) 055

TUGdt-MB, number of months 7.0(4.0-9.0) 6.0 (3.8-8.3)** 75(6.0-9.0) 0.30

TUGdt-MB, months/10 s 48(29-65) 41 (22-57) 55 (39-7.7) 054

Baseline characteristics and test results are presented as medians and interquartile range if not stated otherwise

SD Standard deviation, MMSE Mini Mental State Examination, TUG Timed Up and Go, TUGdt Timed Up and Go dual-task, NA Naming animals, MB Months backwards
Standardized differences between converters and non-converters to dementia were estimated with a non-parametric method [41]

? Depressive symptoms defined as two points or more on the 4-item Geriatric Depression Scale (data were not available for one participant)

** Only 96 from 98 individuals in this group completed TUGdt-MB test

possess good reliability for people with and without dis-
abilities across a lifespan [34].

The TUG testing for the current study was performed
in the following order: TUG, TUGdt-NA, and TUGAt-
MB. Participants received standardized instructions
before each test from the physical therapist who led the
testing procedures. For TUGdt-NA, the participant was
asked to name different animals while completing the
movement sequence. For TUGdt-MB, the participant
was asked to recite months in reverse order, starting with
December. The participants were instructed to complete
all TUG tests at their own speed, concerning both mobil-
ity and verbal performance, and to complete the mobility
sequence even if they did not know what to say.

Medical records review for follow-ups

To obtain diagnostic information for follow-ups and
eventual dates of death, all participants’ medical records
were reviewed up to 6.1 years after baseline by an experi-
enced geriatrician. Participants were classified as having
“converted” (n=98) after receiving dementia diagnosis,
and as “not converted” when a diagnosis of SCI or MCI

had been confirmed after baseline, or when a reversion
to normal cognition had been stated, based on estab-
lished criteria [35-37]. Among participants whose
medical records did not provide sufficient informa-
tion, MMSE score from the latest follow-up visit (within
6.1 years from base line) was used to rule out conversion
to dementia, but not for establishing a dementia diagno-
sis. A score that was higher, unchanged, or a maximum
of one point less compared with baseline, was considered
to signify non-conversion. In total 88 participants were
identified as non-converters, of whom 36 were identified
by MMSE data. For participants with dementia, diagno-
sis date was noted. For one participant diagnosis date was
not available, therefore the date of the last journal review
was used instead. For non-converters the date of the last
hospital visit or date of the last investigation was used.

Data preparation

For TUGdt-NA and TUGdt-MB the number of cor-
rect words mentioned per 10 s during the test perfor-
mance was calculated and documented as TUGdt-NA or
TUGdt-MB words/time, with the time limit of a finished
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TUG mobility sequence, i.e. 10*(TUGdt number of cor-
rect words/TUGdt time score). Quantification of correct
words recited during TUGdt-NA and TUGdt-MB was
performed by reviewing the video recordings and fol-
lowed the procedures used in establishing norms for such
tests. For TUGAt-NA, both naming an animal group (e.g.
fish) and a specific animal (e.g. salmon) were accepted
[32]. For TUGdt-MB, the number of correct months in
correct order was counted. A month was classified as
correct when the participant started with December and
then recited months in the correct order relative to the
month said previously, with permission to repeat, but not
to omit or transpose the months [38]. Dual-task cost was
calculated as 100*(TUGdt time score —TUG time score)/
TUG time score [39].

Data processing for the gait parameters was based on
the documentation from two synchronized high-defini-
tion video cameras using a semi-automatic method aided
by a technique for human two-dimensional pose estima-
tion based on a deep learning procedure, described in
more detail elsewhere [40] (see Supplementary material).

Data analyses

Continuous variables were described by means and
standard deviations or medians with interquartile ranges
and categorical variables were described by numbers
and percentages. For each participant and TUG condi-
tion, the mean value of all recorded steps was calculated
for each step parameter, i.e. step length, step width, step
duration and durations of single and double stance. These
mean values were used in the statistical description and
analysis. Standardized differences between converters
and non-converters to dementia were estimated using a
method for non-parametric data [41] analogous to the
parametric method Cohen’s d for parametric data.

In Cox proportional hazards regression models we
examined if TUG test outcomes measured at baseline
examination were risk factors for incident dementia
diagnoses. Univariate models were used to calculate haz-
ard ratio (HR) for the separate TUG test outcomes and
dementia incidence at follow-up (Model 1). The covari-
ates age (continuous variable), gender, and educational
level were added (Model 2). Further, to examine if step
parameters give incremental prediction above TUGdt
words/time parameters we estimated models where
step parameters were added to TUGdt-NA or TUGdt-
MB words/time and age, gender and education (Model
3). Estimated models were presented with standardized
Hazard Ratio (sHR) with 95% confidence intervals (CI)
and p values. The sHRs express the increase of hazard per
one standard deviation increase of the variable, except
for number of animals and months, and “animals/10 s”
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and “months/10 s” where the sHRs express the decrease
of the variable.

Interactions between TUG test outcomes and age and
sex were tested in Cox proportional hazards regression
models including the above-mentioned covariates. We
confirmed the proportional-hazards assumptions of the
Cox models with plots of log(-log(survival)) versus log of
survival time.

To explore the putative effects of reverse causation, we
conducted sensitivity analyses for TUGdt words/time
parameters where patients with a shorter follow-up time
than one year were excluded.

In Kaplan—Meier curves, disease-free survival was dis-
played for participants above and below median value of
number of months/10 s and number of animals/10 s.

For follow-up times of up to 2 years and up to 4 years
we determined optimal cutoff values with associated
prognostic diagnostic accuracy measures specificity, sen-
sitivity and Youden index (=specificity + sensitivity — 1).
Youden index is used to summarize the performance of
diagnostic tests. These measures were presented with
95% CI calculated as Bootstrap percentile intervals.
The 2-year time limit represents short term follow-up
whereas the 4-year limit was chosen as a long term fol-
low-up which maintained a sufficient number of par-
ticipants at risk. To compare words/time with standard
cognitive tests we made additional analyses where we
calculated prognostic diagnostic accuracy measures for
MMSE and verbal fluency tests.

All statistical tests and confidence intervals were
two-sided.

Multiple test correction methods are debatable due
to problems with increased Type II errors and therefore
we have avoided Bonferroni correction which assumes
independent tests and thus is overly conservative. We
used the method of number of effective tests, which is
calculated in a principal components analysis [42]. This
method does take the correlation between variables into
account but does not correct for estimates of both unad-
justed and adjusted effects. We used 24 predictor vari-
ables and we calculated that there were 8 independent
dimensions among these variables. Thus, results with p
values <0.05 and p values<0.05/8=0.0062 were consid-
ered statistically significant without and with correction
for multiplicity, respectively.

The statistical analyses were performed with the sta-
tistical program package SAS version 9.4 (SAS Institute
Inc., Cary, NC, USA).

Results

Participant characteristics

The 186 participants were aged between 39 and 91 years
at baseline (mean 70.7 years; 45.7% female). Of these, 64
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participants were diagnosed with SCI and 122 with MCI
(Fig. 1). Baseline characteristics and cognitive test results
in the total sample, as well as stratified according to
conversion to dementia, are summarized in Table 1. All
participants completed TUGdt-NA, whereas two partici-
pants discontinued TUGdt-MB. Data for step parameters
(see Fig. 1) were available for 172 participants.

Prediction of dementia incidence

At follow-up, a total of 98 participants (53%) had con-
verted to dementia, of which 88 had MCI and 10 had SCI
at baseline. The median (range) follow-up time was 3.7
(0.1-6.1) years.

During this period five non-converter participants
died. Table 2 shows estimated associations of TUG
parameters with dementia incidence in Cox regression
unadjusted models (Model 1) and models adjusted for
age, gender, and educational level (Model 2) analyses. In
Model 2 TUGdt-NA number of animals (sHR 1.24, 95%
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CI 1.01-1.51, p=0.040), TUGdt-NA words/time (sHR
1.36, 95% CI 1.07-1.74, p=0.012), TUGdt-MB number
of months (sHR 1.31, 95% CI 1.06-1.61, p=0.012) and
TUGdt-MB words/time (sHR 1.39, 95% CI 1.10-1.75,
p=0.006) were significant.

In sensitivity analyses where patients with a shorter
follow-up time than one year were excluded, results from
adjusted models (Model 2) were TUGdt-NA words/time
(sHR 1.32, 95% CI 1.01-1.72, p=0.045), and TUGdt-MB
words/time (sHR 1.37, 95% CI 1.06-1.75, p=0.015).

In Modell the step parameters double stance duration
single task (sHR 1.32 95% CI 1.07-1.62, p=0.009), step
length single task (sHR 1.50, 95% CI 1.24-1.81, p<0.001),
double stance duration animals (sHR 1.28 95% CI 1.06—
1.56, p=0.012, step length animals (sHR 1.53 95% CI
1.25-1.86, p<001) and step length months (sHR 1.50
95% CI 1.26—1.79, p <001) were associated with dementia
incidence but these associations were not significant in
adjusted models (Model 2).

Table 2 Hazard ratios for conversion to dementia up to 6.1 years after baseline

Parameter Model 1 Model 2
sHR (95% Cl) p-value sHR (95% Cl) p-value

TUG,s 1.46 (1.22-1.75) <0.001° 1.13(0.91-1.42) 0271
TUGt-NA, s 1.50 (1.25-1.80) <0.001° 117 (0.92-1.47) 0.196
TUGAt-NA cost, % 112 (0.85-1.48) 0419 0.99 (0.78-1.26) 0.956
TUGAt-NA, number of animals® 1.24(1.02-1.52) 0.035 1.24(1.01-1.51) 0.040
TUGdt-NA, animals/10 50 1.61 (1.30-2.00) <0.001° 1.36 (1.07-1.74) 0.012
TUGdt-MB, s 1.42(1.18-1.69) <0.001° 110 (0.88-1.37) 0.391
TUGt-MB cost, % 112 (0.88-1.42) 0.363 0.95(0.76-1.19) 0.662
TUGdt-MB, number of months® 1.26 (1.02-1.55) 0.031 1.31(1.06-1.61) 0.012
TUGdt-MB, months/10 s 1.55(1.24-1.93) <0.001% 1.39 (1.10-1.75) 0.006°
TUG double stance duration, s 1.32(1.07-1.62) 0.009 110 (0.88-1.37) 0.394
TUG single stance duration, s 0.98(0.79-1.21) 0.836 114 (0.90-1.43) 0.282
TUG step duration, s 119 (0.95-1.48) 0.130 117 (0.93-1.48) 0179
TUG step length, mP 1.50 (1.24-1.81) <0.001° 117 (0.92-1.49) 0.209
TUG step width, m 102 (0.82-1.26) 0.856 1.07 (0.85-1.33) 0573
TUGAdt-NA double stance duration, s 1.28 (1.06-1.56) 0.012 1.06 (0.85-1.31) 0.606
TUGAdt-NA single stance duration, s 1.03 (0.83-1.28) 0.805 1.06 (0.87-1.29) 0.554
TUGdt-NA step duration, s 118 (0.97-1.45) 0.100 1.06 (0.87-1.29) 0576
TUGAt-NA step length, m® 1.53 (1.25-1.86) <0.001% 1.17 (0.90-153) 0.238
TUGt-NA step width, m 101 (0.81-1.25) 0931 0.99 (0.78-1.27) 0.964
TUGdt-MB double stance duration, s 1.27 (1.05-1.55) 0.016 1.08 (0.87-1.36) 0479
TUGdt-MB single stance duration, s 1.04 (0.86-1.27) 0.685 1.13(0.93-1.38) 0.219
TUGdt-MB step duration, s 116 (0.97-1.39) 0.099 113(0.92-1.37) 0241
TUGdt-MB step length, m° 1.50 (1.26-1.79) <0.001° 1.19 (0.94-151) 0.149
TUGAt-MB step width, m 0.96 (0.76-1.20) 0.697 0.94 (0.74-1.20) 0.644

TUG Timed Up and Go, TUGdt Timed Up and Go dual-task, NA Naming animals, MB Months backwards, sHR Standardized Hazard Ratio, C/ Confidence interval

sHR measure risk increase per one standard deviation increase of the predictor
b sHR measure risk increase per one standard deviation decrease of the predictor

Model 1: unadjusted. Model 2: adjusted for age, gender, and educational level. Statistically significant if p <0.05, in bold. § Statistically significant after multiple test

correction, p <0.0062
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After multiple test correction, results for time TUG
single task, time TUGdt-NA, TUGdt-NA words/time,
time TUGdt-MB, TUGdt-MB words/time, step length
single task, step length animals and step length months
were statistically significant in unadjusted models,
while TUGdt-MB words/time remained statistically
significant in the adjusted model.

When step parameters were added to TUGdt-NA
words/time or TUGdt-MB words/time and age, gender
and education there were no significant effects of the
step parameters (Model 3, data not shown). No signifi-
cant interactions between TUG test outcomes and age
and sex were observed. However, for TUGdt-NA word/
time the p-value for interaction with age was 0.06.

In Kaplan—Meier curves (Fig. 2), disease-free survival
is presented for participants above (High) and below
(Low) median value of TUGdt-MB word/time (left)
and TUGdt-NA word/time (right). In both figures, a
relatively large separation between high and low groups
was observed until approximately 3 years after which
they converge.

1.0
0.8
>
S 06
Q
o
o
[0}
g
b
9]
(%2}
3 0.4+
9
(a]
0.2
0.0 [ + Censored High Low
T T T T T T
0 1 2 3 4 5
Follow-up, years
High 92 86 76 62 41 3

Page 7 of 12

Prognostic diagnostic accuracy

Figure 3 shows time-dependent area under the ROC
curve:s (AUC:s), presented for TUGdt-MB words/time
(left) and TUGdt-NA words/time (right). For TUGdt-MB
words/time AUC is approximately 0.7 from 2 years and
onwards while for TUGdt-NA words/time AUC reaches
a maximum of approximately 0.8 around 2 years but is
lower before and after that time.

Table 3 shows optimal cutoff values for TUGdt-MB
words/time, TUGdt-NA words/time, MMSE and verbal
fluency test for prediction times 2 and 4 years. Classifica-
tion to high risk for progression to dementia is defined
as at or below the cutoff value. Also, specificity, sensitiv-
ity and Youden index associated with the cutoft values
are presented. Optimal cutoff values at 2 and 4 years
for TUGdt-NA words/time are 4.0 and 4.5, respectively,
while for TUGdt-MB words/time these values are 4.6
and 4.7, respectively. The Youden index for TUGdt-NA
words/time and TUGdt-MB words/time are high for
prediction up to 2 years (0.53 and 0.33, respectively)
and lower for prediction up to 4 years (0.29 and 0.26,
respectively).
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Fig. 2 Kaplan—Meier disease-free survival curves and number at risk table: patients above (High) and below (Low), words/time median value

of TUGdt-MB (left) and TUGdt-NA (right)
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Table 3 Optimal cuto s with associated specificity, sensitivity and youden index (and 95% Confidence Intervals (CI)) for follow-up

times 2 and 4 years

Parameter Time Cutoff Specificity (95% Cl) Sensitivity (95% Cl) Youden index® (95% Cl)
(years) (95% Cl)
TUGdt-NA, animals/10 s 2 40(31-5.2) 0.74 (0.52-0.93) 0.79 (0.55-0.98) 053 (0.40-0.66)
4 45 (3.7-54) 0.65(0.51-0.83) 0.64 (0.51-0.82) 0.29 (0.13-0.44)
TUGdt-MB, months/10 s 2 4.6 (33-5.5) 0.62 (0.50-0.80) 0.71 (0.52-0.88) 0.33(0.17-0.48)
4 4.7 (3.6-5.6) 0.61 (0.50-0.79) 0.65 (0.51-0.83) 0.26 (0.09-042)
MMSE score 2 27 (26-28) 0.72 (0.53-0.87) 0.74 (0.55-0.92) 0.46 (0.32-0.60)
4 27 (26-28) 0.77 (0.59-0.94) 0.69 (0.51-0.86) 0.46 (0.31-0.59)
Verbal Fluency score 2 17 (16-19) 0.66 (0.54-0.76) 0.84 (0.71-0.95) 0.50 (0.36-0.63)
4 18 (16-19) 0.66 (0.51-0.81) 0.67 (0.52-0.84) 0.33(0.17-048)

TUGdt Timed Up and-Go dual-task, NA Naming animals, MB Months backwards, MMSE Mini Mental State Examination
?Youden index = specificity + sensitivity - 1

Discussion

Novel findings are provided showing that the TUGAt
parameter words/time, even after adjustment for age,
gender and education, predicts conversion to demen-
tia over a period of five years in participants with SCI or
MCI. Among the TUG-related parameters investigated,

word/time showed the best predicative capacity, while

time scores of TUG and TUGAt as well as TUGdt cost
did not generate any significant predictive results. Our
results further showed that the step parameter step
length during TUG can work for single task item predic-
tion before adjustment for age, gender and education.
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After correction for multiple testing TUG-MB words/
time remained significant in the adjusted model.

The current results also comprise optimal TUGdt cut-
offs for predicting dementia at 2- and 4-year follow-up.
The sensitivity of the TUGdt cutoffs was high at 2-year
follow-up (TUGdt-NA words/time, 0.79; TUGdt-MB
words/time, 0.71, reducing respectively to 0.64 and 0.65
at 4-year follow-up). The cutoffs for the TUGAt tests
therefore had comparable sensitivity at 2-year follow-
up to the cutoffs for the MMSE score (sensitivity 0.74).
The high sensitivity of the MMSE score is to be expected,
given the score is an important part of the information
on which diagnosis is based throughout the memory
assessment process. The comparable sensitivity of the
TUGAt score is more remarkable, given the assessment
was performed independent of the diagnostic process.
An advantage of the TUGAt tests is that they capture
dual cognitive and mobility decline, while the MMSE
mainly assesses language and memory function [43].
More research is required to compare TUGAt test results
and MMSE scores for prediction of dementia incidence
under similar study conditions.

It is notable that the step parameter results became
non-significant after the adjustments due to these vari-
ables high correlation with age. This may be explained
by the increasing interdependence between mobility and
cognition with age, as a greater degree of cognitive moni-
toring is required to compensate for age-related declines
in the sensorimotor system [44].

In the current study 98 patients from 186 with SCI or
MCI at baseline converted to dementia (53%) during fol-
low-up time up to 6.1 years. This corresponds well with
annual MCI to Alzheimer’s disease (AD) conversion rates
of 10—15% reported for patients examined in clinical set-
tings [45, 46]. In our previous study [24] based on the
same baseline population and data collection procedures,
51 of 172 participants (30%) converted to dementia, while
TUGAdt words/time was associated with dementia inci-
dence and improved dementia prediction compared to
demographic characteristics and standard cognitive tests
alone over a period of 2.5 years, although only in patients
younger than 72 years [24]. However, no significant inter-
actions between the TUG test outcomes and age and sex
were observed in the current study, though for TUGdt-
NA words/time the p-value for interaction with age was
0.06.

The current study has limitations. The validity of the
diagnoses at follow-ups may be questioned, since not all
participants went through a re-evaluation at the memory
clinic. However, to obtain correct diagnosis, all partici-
pants’ medical records were reviewed by an experienced
geriatrician. Our participants were recruited in university
cities and it is possible the educational level of the sample
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is higher than in the target population, while analysing
education level as a dichotomous variable (university
educated or not) may have limited how adequately its
confounding effect was captured. Though higher edu-
cation has been found to be associated with improved
baseline performance in both verbal fluency and recall
in a population of community dwelling older adults, it
had no protective effect for cognitive decline, while some
evidence exists for a cognitive reserve for verbal fluency
[45]. Moreover, there is a risk that factors besides cog-
nitive functioning and on which no data was collected,
such as physical capacity, previous injuries, and pain
etc., could have influenced gait performance and thus
our results. Still, since our strongest outcome measure is
word/time, gait capacity is not of crucial importance.

Our results may also be partly affected by reverse cau-
sation. Thus, we carried out sensitivity analyses where
patients with a shorter follow-up time than one year
were excluded. Results were essentially unaltered, indi-
cating that the effect of reverse causation was minimal.
The sample size was somewhat limited and after cor-
rection for multiple testing only TUGdtMB words/time
remained significant in the adjusted model. There is a
risk of an inflated Type I error rate for our uncorrected
results, while Type II errors, i.e., false negatives, are a
concern for the corrected p values.

The strengths of our methodology were examined in a
systematic review, [46] which indicated that the UDDGait
studies showed good quality according to the Newcas-
tle—Ottawa quality assessment scale for nonrandomised
studies in meta analyses [47], and highlighted the TUGdt
parameter words/time as an excellent discriminator of
different levels of cognitive functioning, with a strong
association with cognitive impairment [46]. Moreover,
using sHR for expressing the increase of hazard suffers
less from selection bias with respect to the endpoints
chosen and can indicate risks that happen before the
endpoint. Comparable presentation of optimal cutoffs for
assessment of dementia prediction is rare. We found only
one such study, [48] in which the predictive capacity for
conversion to dementia based on sociodemographic and
clinical factors were retrospectively examined in a sam-
ple of 65 persons with MCI. Results showed that more
years in education and lower baseline scores on the Cam-
bridge Cognition Examination (CAMCOG) [49] (which
included some MMSE items) were associated with pro-
gression to dementia, with comparable sensitivity and
AUC as for the TUGdt words/time in our study.

To the best of our knowledge, this is the first pro-
spective longitudinal study to present predictive results
including optimal cutoff values from joint clinical simul-
taneous assessments of cognition and mobility, with
results presented in terms of the rarely-used parameter
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words/time, which combine mobility and cognition out-
comes. Our study was performed in a memory clinic, and
we welcome further research on prediction of conversion
to dementia in other settings and among other popula-
tions. Our previous research provided age- and gender-
specific normative reference values for TUGdt-NA and
TUGAt-MB, and showed fair to good levels of reliability
for TUGdt-NA and TUGdt-MB words/time results for
cognitively healthy adults (50-91 years of age) [50].

In conclusion, the TUGdt words/time parameter shows
potential to serve as an easy to administrate and low-cost
tool for assessment of risk of conversion to dementia,
useful for research and clinical use in memory clinics.
The parameters TUGdt-NA and TUGdt-MB words/time
may be able to bridge the gap of insufficient evidence for
such clinical outcomes [5]. Based on our growing experi-
ence of TUGAt assessment procedures for different levels
of cognitive functioning, we presume that TUGdt-MB
words/time would also be most suitable for clinical use
in other settings other than memory clinics, due to the
convenient quantification of the results.

Abbreviations

AD Alzheimer’s disease

AUC Area under the Curve

CAMCOG Cambridge Cognition Examination

Cl Confidence interval

dt Dual Task test

DLB Dementia with Lewy bodies

FTD Frontotemporal dementia

MCI Mild Cogpnitive Impairment

MMSE Mini Mental State Examination

HR Hazard ratio

PDD Parkinson's disease dementia

SCI Subjective Cognitive Impairment

sHR Standardized Hazard Ratio

TUG Timed Up and Go test

UDDGait Uppsala-Dalarna Dementia and Gait project
TUGdt Timed Up-and Go dual-task test

TUGdt-MB  Timed Up-and Go dual-task test-Months Backwards
TUGdt-NA  Timed Up-and Go dual-task test-Naming Animals
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